Randomly reinforced soil is used in hydraulic projects such as temporary canals, earth dams, stream restoration and so on for controlling seepage. This paper presents an investigation into the effect of random reinforcement on the seepage velocity and seepage force in a silty soil. Experimental tests were carried out on randomly reinforced samples with two types of fiber at different lengths and percentages. The results show that the random reinforcement of soils with fiber is an effective technique in controlling the seepage velocity and seepage force. Regression models were developed based on the experimental data for determination the seepage velocity and seepage force. The proposed models include the length of fiber, fiber content of soil and hydraulic gradient. Comparison between the model predictions and the experimental results shows that the proposed models can satisfactorily predict the seepage velocity and seepage force for a randomly reinforced silty soil. Analysis of the results of the proposed models shows that the seepage velocity increases with increasing the hydraulic gradient but decreases with increasing fiber length and fiber content. In addition the seepage force increases with increasing the fiber length and
Introduction
Water can flow in a soil mass under a hydraulic gradient. When water flows through a soil its energy is transferred to the soil skeleton and this leads to a seepage force applied to the soil skeleton. When the flow of water is in the upward direction the seepage force tends to lift the soil mass by reducing its effective weight. If the seepage force exceeds the weight of the soil the resultant force will be acting upward and soil would become unstable. In this condition the erosion would progress backward along the flow line until an erosion path, nearly in pipe shape is formed.
This kind of soil erosion is termed piping. During piping the hydraulic gradient reaches to a value that is termed critical hydraulic gradient (ic). Piping is a common piping. There are many methods to prevent from piping failure and to increase the 4 piping resistance of the soil such as using cut off walls, trenches, sheet piling, blankets of impervious material and pressure relief wells.
Randomly reinforcement soil is one of the mechanical methods that has been used to improve the mechanical properties of soil. In this method soil is mixed with randomly distributed discrete fibers. One of the main advantages of using randomly distributed fibers is that they are deposited in a mass independent of each other and have an equal probability of occurrence in any portion of the composite mass (   7 ). They have an equal probability of making all possible angles with an arbitrarily chosen axis (   8 ).
The majority of previous research work has been done on the strength of granular soils randomly reinforced with fibers (   9 -  12 length, fiber content of soil and hydraulic gradient were considered as the key parameters that have significant effect on piping.
Experimental tests

1-Apparatus
Skempton and Brogan (   
where Δh is the differential head between in the beginning and at the end of the sample, L is the length of the sample.
2-Material
2-1-soil
6
A silty sand soil consisting of 77% sand and 23% silt was used in this work. The physical and mechanical properties of the soil are shown in Table. 1. This soil can be classified as SM (sand with silt) according to the Unified Soil Classification System.
2-2-Fiber
Polyethylene and polyester fibers in filament form with diameters of 0.28 and 0.20 mm were used in this work. The strength characteristics (tensile strength and elastic modulus, measured in the laboratory) and the other properties of fibers (obtained from the manufacture) are summarised in Table. 2
3-Sample preparation
Fibers with lengths of 5, 25, 35 and 50 mm and percentages of 0.5, 0.75, 1 and 1.5%
(weight of air dry soil) were used in this work. The mixing of fiber and the soil was done according to the methods that was used by researchers such as   18 and   9 .
Compaction tests were performed on the natural soil and the reinforced soil according to the ASTM standard. In the preparation of the samples for natural or reinforced soil they were mixed with an amount of water corresponding to optimum water and mixing was done by hand. Preparation of the samples was done by static method in a special mould in three layers (   19 ) by a loading machine. The samples were compacted at their optimum water content to attain the maximum dry unit weight according to their compaction curve. The samples had diameter and length of 50 and 100 mm respectively.
4-Testing program
After preparing the samples the mould containing the sample was placed in the apparatus. The samples were saturated under ∆h=0.0 for a duration of 24 h. The piping test was conducted by increasing the head of water in the reservoir (hydraulic head) at increments of 20 mm while the level of water above the sample was kept 7 constant at 50 mm (see Fig.1 ). The duration of each increment was about 10 minutes and during this time the discharge water from the sample was collected and its volume was measured when the rate of discharge was stabilized. The increasing of the level of water in the reservoir was continued until piping occurred in the sample. The piping was observed as the formation of small bubbles and local boiling. Seepage velocity was calculated by the Darcy's equation:
where ν and k are discharge velocity and coefficient of permeability respectively.
Seepage velocity (νs) was calculated using the following relationship:
where n is the porosity of sample. For calculation of the porosity of the reinforced sample, the fibers were considered to be similar to soil solid particles. The porocity was calculated as:
where V is the total volume of the.
Critical hydraulic gradient (ic) is defined as the ratio of head of water at which the soil particles start to lift due the upward flow of water (Δhc) to the length of sample (L):
As the water flows through the soil a force is applied to the soil particles which is referred to as seepage force. The seepage force at critical gradient can be calculated by the following relationship:
where P is the seepage force at critical gradient (ic), γw is unit weight of water and V is the volume of soil sample. Tables 3 and 4 ).
Results and discussion
The seepage force was calculated based on equation (6) and the data in Tables 3 and 4 show that the seepage velocity-hydraulic gradient curves are located to the right of the curves for the natural soil for both types of fiber.
The results show that the polyester fiber with diameter of 0.20 mm is more effective in increasing the value of critical hydraulic gradient and seepage force than the fiber with diameter of 0.28 mm. It can be said that at a constant length and percent of fiber by decreasing the diameter the number of fibers is increased in unit volume of soil.
When the number of fibers is increased the friction between soil and fibers is increased which lead to increase the critical hydraulic gradient and seepage force. showed that the strength of reinforced sandy soil is increased up to a limit value after which it remains constant by increasing the percent of fiber.
Therefore, by substituting the constant value (V= volume of sample and γw = unit weight of water) in the equation (6) the seepage force can be considered as:
Regression models
Regression analysis is a general method used in many engineering and scientific 
Results and Discussion
1-Seepage velocity
The results of seepage velocity against hydraulic gradient (Figs.2-5) show that the seepage velocity is function of hydraulic gradient, fiber length and fiber content. 
For polyester fiber: 
In the case of MLR model for seepage velocity the values of (R 2 ) are 0.935 and 0.9663 for polyethylene and polyester fibers respectively. Table 5 compares the values of (R 2 ) and RMSE for the two types of fiber for the MNLR and MLR models. As shown in this table, for the MLR models the values of (R 2 ) are slightly less than MNLR. These reductions are 2.55% and 1.9% for polyethylene and polyester respectively. It can be due to deleting some of coefficients For polyethylene fibers: 
For polyester fibers: 
The degree of influence of each parameter on the value of seepage velocity for the above equations can be determined from the following relationship. For example for estimating the degree of significance of length of polyethylene fibers in calculating the seepage velocity, the partial derivate of seepage velocity function with respect to the length of fiber (DL) is as:
where L is average normalized length of fiber, positive for hydraulic gradient but they are negative for the fiber length and fiber content. It can be resulted that the variation of seepage velocity is reduced by increasing the fiber content and fiber length and increased by increasing the hydraulic gradient. It is also resulted from this table that for the polyethylene fiber the role of fiber length and fiber content is the same in seepage velocity but for the polyester fiber the role of fiber content is more important than fiber length. This can be explained by the fact that at a constant fiber content, the number of polyester fibers is more than polyethylene fibers because of the smaller diameter of polyester fibers and this causes non-uniform distribution of fiber in soil mass.
2-Seepage force
The experimental results showed that the seepage velocity and critical hydraulic gradient are function of fiber content and length of fiber. Therefore, the general form of the regression model is a multivariable of second order with two independent variables. The general form of the model was similar to equation 7. The coefficients of the regression models were calculated based on 17 experimental data points for each fiber and the final form of the models for polyethylene and polyester fibers are as:
For polyethylene fiber: 
where p is seepage force (N), L is fiber length (mm) and Fc is fiber content (%). 
Conclusion
Based on the experimental data on the behavior of a randomly reinforced silty soil against piping regression models were developed for calculating the seepage velocity and seepage force. The proposed regression models were functions of percent weight of fiber, length of fiber and hydraulic gradient. The performance of the models was analyzed based on the values of (R 2 ) and partial derivatives showed that there is a high correlation between the experimental and calculated data. The results showed that the seepage velocity decreases with increasing the fiber length and fiber content but increases with hydraulic gradient. The variation of seepage velocity with percent of fiber and fiber length is of ascending form. 
